Thirty Angus steers averaging 357 kg were used to: 1) determine the effect of feeding lasalocid (33 mg/kg diet) on mineral metabolism and 2) determine the effects of varying dietary sodium (Na) and potassium (K) on finishing steers fed lasalocid. Treatments consisted of: 1) control (.25% Na, .5% K); 2) lasalocid (.05% Na, .5% K); 3) lasalocid (.25% Na, .5% K); 4) lasalocid (.05% Na, 1.4% K) and 5) lasalocid (.25% Na, 1.4% K). Ruminal fluid and blood samples were collected on d 28 and 90 of the 102-d study. Gain and feed conversion tended to be higher for steers fed lasalocid with the exception of the .05% Na, 1.4% K treatment. Control steers had lower (P<,05) erythrocyte K concentrations, reduced (P<.05) soluble concentrations of magnesium and copper in ruminal fluid and decreased plasma concentrations of zinc (P<.05) and phosphorus (P<.IO) at 90 d compared with steers fed lasalocid and similar concentrations of Na (.25%) and K (.5%). Increasing dietary Na from .05 to .25% in the presence of lasalocid increased (P<.05) molar proportion of ruminal acetate at 28 and 90 d and reduced (P<.05) propionate at 90 d. Increasing K from .5 to 1.4% decreased (P<.01) soluble Na and increased (P<.01) soluble K concentrations in ruminal fluid. Steers fed lasalocid (.25% Na, .5% K) had lower concentrations of K (P<.10) and zinc (P<.10) in liver than control steers. Sodium and K level also affected tissue concentrations of certain minerals. Results suggest that dietary Na and K influence mineral metabolism and that dietary Na affects ruminal molar proportion of acetate in cattle fed lasalocid.
Introduction
The carboxylic ionophores, lasalocid and monensin, are widely used in growing and finishing beef cattle diets to increase feed efficiency and(or) weight gain. Ionophores function by forming lipid-soluble complexes with certain cations and facilitating their transport across cell membranes (Pressman and Fahim, 1982) . Starnes et al. (1984) reported that feeding monensin or lasalocid: 1) increased apparent absorption of sodium (Na), magnesium (Mg) and phosphorus (P); 2) increased retention of Mg and P and 3) altered soluble concentrations of certain minerals in ruminal fluid of steers fed a high energy diet. In lambs, monensin increased apparent absorption of t Paper no. 10887 of the Journal Series of the North Carolina Agr. Res. Serv., Raleigh, NC 27695--7601. Use of trade names in this publication does not imply endorsement by the North Carolina Agr. Res. Serv. nor criticism of similar products not mentioned.
a Dept. of Anita. Sci. Received September 22, 1986 . Accepted April 10, 1987 potassium (K) and P and retention of K, Mg and P (Kirk et al., 1985a,b) . Because ionophores alter absorption and retention of certain minerals, one could speculate that feeding ionophores could affect tissue mineral concentrations and the ruminant's requirement for certain minerals. Levels of key minerals in ruminal, intestinal or other body fluids may also affect the ability of ionophores to produce metabolic changes that result in improved performance.
The objectives of the present study were: 1) to determine the influence of feeding lasalocid on ruminal, plasma and tissue mineral concentrations and 2) to determine if varying dietary Na and K affects performance, mineral metabolism and ruminal volatile fatty acids (VFA) in finishing steers fed lasalocid.
Materials and Methods
Thirty Angus steers initially averaging 357 kg were stratified by weight and randomly allotted into five treatments. Treatments consisted of: 1) control (.25% Na, .5% K), 2) lasalocid (.05% Na, .5% K), 3) lasalocid (.25% 830 J. Anita. Sci. 1987 . 65:830-840 twice with the glucose solution to remove extracellular ions. Washed erythrocytes were later used for mineral analyses. Ruminal sampies were immediately strained through four layers of cheesecloth and placed on ice. Ruminal fluid was then centrifuged at 12,000 • g for 30 rain to remove microbial cells and any feed particles that filtered through the cheesecloth; the supernatant fraction was used for determination of soluble mineral concentrations and VFA.
At the termination of the study, steers were slaughtered and carcass data were collected. Samples of liver, kidney, heart, spleen and longissimus muscle were obtained from a similar location in each steer and used for mineral analyses.
Sodium, K, Mg, calcium (Ca), zinc (Zn), copper (Cu) and iron (Fe) were determined by atomic absorption spectrophotometry 3. Phosphorus was determined by the procedure of Fiske and Subbarow (1925) . Erythrocytes and feed and tissue samples were prepared for mineral analyses by wet-washing with ultrapure nitric acid followed by hydrogen peroxide. Ruminal VFA were determined by gas liquid chromatography 4 (Anonymous, 1975) . Data were analyzed statistically by analysis of variance for a randomized complete block design using the GLM procedures (SAS, 1982) . Steers in the control treatment were compared with steers fed lasalocid and a similar level of Na and K. The main effects of K, Na and the interaction between K and Na were examined in steers fed lasalocid. Replicate was used as the experimental unit in all instances.
Results and Discussion
Performance and carcass characteristics of steers are shown in table 2. Average daily gain for the 102-d study was not significantly affected by treatment, but tended to be higher for steers receiving lasalocid compared with controls receiving a similar level of Na and K. Feed intake was not affected by treatment, but the amount of feed required per unit of gain was reduced (P<.10) by lasalocid. With lasalocid in the diet at a level of 33 mg/kg diet, all Na and K levels tended to improve gain and feed conversion compared with controls with the exception of the high-K, low-Na treatment, which resulted in no improvement relative to control steers. This observation is consistent with recent work (Dawson and Boling, 1984; Oscar et al., 1986; Rumpler et al., 1986) . The minimum concentration of lasalocid required to inhibit growth of different strains of Bacteroides ruminicola was 8 to 64 times greater when the bacteria were grown in a high-K medium compared with a low-K medium (Dawson and Boling, 1984) . Rumpler et al. (1986) reported that increasing dietary K to 2.5% increased methanogenesis by 8.8%, but increasing Na to 2.5% of the diet reduced methanogenesis by 11.4% in steers fed lasalocid. Increasing dietary K from .95 to 2.0% increased feed/gain by 8.3% in growing steers fed corn silage-based diets containing lasalocid (Oscar et al., 1986) . In contrast, increasing dietary K from 1.1 to 2.5% did not affect performance of lambs fed lasalocid (Funk et al., 1986) .
Potassium requirements of growing and finishing cattle are not well defined, especially in cattle that are fed ionophores. Increasing K above .43% did not improve performance of steers fed lasalocid during a 150-d study (Ferrell et al., 1983) . Studies conducted with K in cattie receiving no ionophore have been inconsistent. Roberts and St. Omer (1965) noted a response in gain with K supplementation of steer diets containing .50 to .56% K in only one of three trials. In later studies, Devlin et al. (1969) reported improvements in gain and feed intake when K was added to diets containing .5% K.
More recently, Kelley and Preston (1984) observed no improvement in steer performance when K was supplemented to a basal diet containing .4% K. Whether or not increasing K from .5 to 1.4% in cattle not fed lasalocid would affect performance can not be resolved from the present study because K was not varied in control steers. However, Jackson et al. (1971) reported that up to 1.5% K did not reduce growth of fattening lambs. Carcass weight was slightly increased (P<.10) by lasalocid compared with control steers fed a similar level of Na and K (table 2) . Other carcass measures were not affected by lasalocid. In steers fed lasalocid, increasing dietary K from .5 to 1.4% decreased (P<.05) backfat by 24%.
Lasalocid did not affect total luminal VFA concentrations or molar proportions of the individual VFA at 28 d (table 3) . On d 90, lasalocid increased (P<.05) total VFA concentrations and decreased (P<.05) molar proportion of butyrate. Lasalocid did not significantly affect molar proportions of acetate or propionate when compared with control steers receiving a similar level of Na and K. Decreases in acetate-to-propionate ratio have been observed in ruminants fed lasalocid (Gutierrez et al., 1982; Spears and Harvey, 1984; Funk et al., 1986) . However, shifts in acetate to propionate ratio associated with lasalocid feeding have been variable (Anonymous, 1982; Spears and Harvey, 1984; Funk et al., 1986) , and improvements in performance have been noted in steers fed lasalocid when VFA shifts were not apparent (Thonney et al., 1981) .
Molar proportions of VFA were highly dependent on dietary Na and K in steers fed lasalocid (table 3) . Increasing dietary Na from .05 to .25% increased acetate at 28 (P<.05) and 90 d (P<.01). Molar proportion of propionate tended to be decreased by increasing dietary Na at 28 d and was significantly decreased by Na at 90 d. Previous studies (Rogers et al., 1979; Croom et al., 1982; Rogers and Davis, 1982) have shown that molar proportion of acetate can be increased in cattle fed high grain diets by increasing dietary Na from approximately .17 to .86%, or higher, of the diet. Rogers and Davis (1982) showed that the increased molar proportion of acetate, associated with ruminal NaC1 infusion, was due to a reduced production of propionate rather than an increased acetate production. The increased molar proportion of acetate observed in cattle fed high levels of NaC1 has been associated with an increased ruminal dilution rate (Rogers et al., 1979, Rogers and Davis, 1982 (Scott, 1967; Warner and Stacy, 1972) have shown that increasing ruminal K, by intraruminal infusion or dietary means, reduces ruminal Na concentrations via increased Na absorption from the rumen. In the present study, increasing dietary Na did not affect soluble Na concentrations in ruminal fluid. This may be explained by the large contribution of saliva to the total ruminal Na pool (National Academy of Sciences, 1980) and the rapid rate of Na absorption from the rumen (Warner and Stacy, 1972) . Ruminal Na concentrations also appear to be primarily controlled by factors other than dietary Na intake (Bennink et al., 1978) . However, in steers fed corn silage-based diets containing tasalocid, increasing dietary Na from .08 to .32% increased ruminal Na concentrations (Oscar et al., 1986 ). An interaction (P<.10) between K and Na was noted for K and Fe (table 5) . At 90 d steers fed lasalocid had higher plasma P (P<.10) and Zn (P<.05) concentrations than control steers that received a similar level of Na and K. Starnes et al. (1984) also reported that feeding lasalocid increased plasma Zn in steers fed a high-concentrate diet. Plasma Fe concentrations tended to be higher in steers fed lasalocid but results were not statistically significant. Lasalocid, at levels of 200 or 300 rag/d, decreased serum Mg concentrations in steers grazing pasture (Spears and Harvery, 1984) . However, in the present study, plasma Mg was not affected by treatment.
Item
Increasing dietary K from .5 to 1.4% increased plasma K in steers fed .05% Na, but decreased or had no affect on plasma K concentrations in steers receiving .25% Na (table 5) . This resulted in a K X Na interaction for plasma K at 28 (P<.05) and 90 d (P<.10) in steers receiving lasalocid. The K • Na interaction also slightly affected (P<.10) plasma Na at 28 d, with increasing dietary Na increasing plasma Na concentrations in steers receiving .5% K but not in steers fed 1.4% K. Cpooled standard error of the mean, n=6. dK=potassium effect; L=control vs lasalocid (.5% K, .25% Na); K X Na=potassium X sodium interaction.
eErythrocyte concentrations at 28 d expressed as ~g/g wet cells.
fErythrocyte concentrations at 90 d expressed as/~g/g dry cells.
tp<.10.
*P<.05. **P<.O1.
sufficiently to remove contamination of these ions from extracellular fluid. Erythrocyte K concentrations at 28 (P<.IO) and 90 d (P<.01) were increased by feeding lasalocid. Since plasma K was not affected by lasalocid, this suggests increased transport of K into erythrocytes. Lasalocid did not effect erythrocyte concentrations of other minerals measured. Increasing dietary K from .5 to 1.4% in steers fed lasalocid decreased erythrocyte concentrations of K (P<.01), Fe (P<.01), Mg (P<.IO), Zn (P<.IO) and Cu (P<.10) at 90 d. An interaction between K and Na significantly affected erythrocyte Fe at 28 d and erythrocyte Mg concentrations at 90 d. Iron concentrations at 28 d were increased by K in steers fed low Na, but not in those fed the higher level of Na. Potassium did not affect erythrocyte Mg in steers receiving .05% Na, but the high level of K decreased erythrocyte Mg in steers fed .25% Na.
Tissue mineral concentrations are shown in tables 7, 8 and 9. Control steers had higher concentrations of K (P<.10) and Mg (P<.05) in heart, P (P<.05) in muscle and Fe (P<.IO) and Zn (P<.I0) in liver than steers fed lasalocid and a similar level of Na and K. The magnitude of the differences were generally small and the biological significance of the changes in tissue mineral concentrations observed with lasalocid feeding are not clear. Elsasser (1984) found that feeding lasalocid (30 mg/kg) for 2 mo increased liver Zn but had no effect on liver Fe or Cu in sheep. In chicks, feeding lasalocid affected duodenal mucosal uptake of a radioactive tracer dose of Ca, Cu and Fe but had no effect on stable concentrations of Cu, Fe or Zn in liver (Elsasser, 1984) . Starnes et al. (1984) reported that lasalocid increased retention of Mg and P and tended to increase Na retention. Experimental periods in this study were 34 d in duration and mineral balance was determined between d 29 and 34. It is possible that with long-term feeding of lasalocid, homeostatic mechanisms within the body prevent alterations in tissue retention of most minerals.
Dietary Na and K affected tissue mineral concentrations in steers fed lasalocid (tables 7, 8, 9) . Increasing dietary Na slightly reduced (P<.IO) kidney Na concentrations (table 7) . Cpooled standard error of the mean, n=6. dK=potassium effect; L=control vs lasalocid (.5% K, .25% Na); Na=sodium effect; K X Na=potassium X sodium interaction.
Potassium concentrations in the spleen (P<.05) and muscle (P<.10) were increased by increasing dietary K. The K • Na interaction affected K concentrations in the liver (P<.O5) and heart (P<.10). In both liver and heart, increasing dietary K reduced tissue concentrations in steers fed low Na but increased tissue K in steers fed the higher level of Na. Spleen Ca and muscle P were increased (P<.05) while kidney P was slightly decreased (P<.IO) by increasing dietary Na from .05 to .25% (table 8) . Increasing dietary K increased (P<.05) muscle and spleen P. An interaction (P<.IO) between K and Na was observed for liver and kidney Mg and kidney Ca. Potassium supplementation tended to decrease liver Mg in steers receiving .05% Na but had no effect on liver Mg in steers fed .25% Na. In the kidney, increasing dietary K increased Mg and Ca concentrations at the low level of Na but decreased, or had little effect, at the higher Na level.
Increasing dietary Na reduced (P<.10) liver Fe but increased (P<.05) muscle Zn concentrations (table 9) . Steers fed 1.4% K had higher spleen Fe (P<.05) and Cu (P<.10) concentrations than steers receiving .5% K.
Lasalocid exhibits some affinity for all of the minerals examined in the present study with the exception of P (Elsasser, 1985) ; however, some of the changes in ruminal soluble, plasma or tissue mineral concentrations due to lasalocid feeding may have occurred via indirect mechanisms. Indirect effects of lasalocid on mineral metabolism could occur through a coupled transport mechanism involving Na and K or through changes in energy available for ion transport via altered monovalent ion gradients (Elsasser, 1984) .
Although tissue mineral concentrations were generally not affected by lasalocid, the cellular distribution of certain minerals may have been altered. The increased erythrocyte K in the absence of increased plasma K observed in steers fed lasalocid is consistent with this hypothesis and suggests that the action of lasalocid is not confined to the rumen and gastrointestinal tract. Lasalocid has a higher affinity for K than for other monovalent ions present in the body (Henderson et al., 1969) . We are not aware of any published data concerning the absorption of lasalocid by ruminants. However, Davison (1984) recently showed that 36 to 40% of labelled dose of monensin was absorbed in calves. Therefore, part of the improved performance noted in ruminants fed ionophores may be due to changes in mammalian metabolism elicited by systemic responses to the ionophore. It is well documented that injections of carboxylic ionophores into laboratory animals result in a number of alterations in normal physiological processes (Pressman and Fahim, 1982 ).
The present study indicates that increasing dietary Na from .05 to .25% and K from .5 to 1.4% influences molar proportions of ruminal VFA and mineral metabolism in steers fed lasalocid. Because dietary Na and K were not evaluated in control steers, one can only speculate whether the observed effects of Na and K would have occurred in the absence of an ionophore.
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